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ABSTRACT 
 The Darkhad Depression, Khövsgöl aimag, Mongolia has an abundance of rivers, lakes, 
and pothole wetlands, providing one of the most extensive concentrations of waterbird habitat in 
Mongolia. Waterbirds use the wetlands of the Darkhad Depression for breeding, molting, and as 
stopover sites during migration. As far as we are aware, our survey of waterbirds in this region is 
the first to provide broad wetland coverage of the Darkhad Depression. We conducted a survey 
of waterbirds in the Darkhad Depression in Tsagaannuur and Renchinlhumbe soums and 
compared densities of waterbirds between two lakes with subsistence fishing and those without. 
We surveyed 60 lakes (5867.26 ha) and a 5.4 ha portion of a river for waterbirds. We observed 
39 species and calculated their frequency of occurrence among lakes and densities among 
occupied lakes (birds/ha). Common goldeneyes (Bucephala clangula) and tufted ducks (Aythya 
fuligula) had the greatest estimated densities for the Darkhad Depression (0.3 birds/ha), whereas 
common greenshank (Tringa nebularia), Eurasian curlew (Numenius arquata), smew (Mergellus 
albellus), and black stork (Ciconia nigra) had the least (< 0.0001 birds/ha).  Tufted ducks had the 
highest mean density on used lakes (6.66 ± 5.69 birds/ha), and common goldeneye used the 
highest percentage of wetlands (57.38% of surveyed wetlands). We detected that piscivorous 
waterbird densities on two lakes that were historically overfished were 79% less than those on 
lakes of similar size, suggesting that overfishing could be a threat to these birds in the Darkhad 
Depression. We recommend that future studies conduct more extensive surveys of waterbirds 
over a longer surveying period and earlier in the breeding season, so that more species can be 
counted with their young and a more complete inventory of waterbirds can be created.  
KEYWORDS 
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INTRODUCTION  
Wildlife counts provide a means to inventory species, while also providing a method to 
estimate densities that can be used to monitor and manage populations. Only one published 
avifaunal survey of a wetland in the Darkhad Depression in Khövsgöl, Mongolia currently exists 
in online databases (Ganbold et al. 2018). An understanding of the distribution and abundances 
of waterbird species in this region is primarily limited to local knowledge.  
The Ramsar Convention (1971) defines waterbirds as species that are dependent on 
wetlands, and includes the avian orders Anseriformes, Podicipediformes, Gruiformes, 
Ciconiiformes, Gaviiformes, Pelecaniformes, Suliformes, and Charadriiformes. Waterbirds in 
Central Asia are known for their long-distance migrations, travelling between their breeding 
grounds in the southern Siberian ecosystem (i.e., southern Russia and northern Mongolia) and 
their wintering grounds in southern regions such as China, India, and northern Africa (Batbayar 
2013, del Hoyo et al. 2018). For many of these species, extensive intact wetland habitat is 
required for breeding and wintering ground, as well as at stopover sites along their migration 
routes (Ma et al. 2009, Batbayar 2013).  
 Loss of breeding habitat may pose threats to waterbirds as wetland habitat availability 
declines due to threats such as habitat degradation, pollution, flow regulation, and climate change 
(Gardner et al. 2015). The threat of climate change to wetland habitat is especially critical in 
Mongolia, which has experienced desertification and a rapid increase in temperature in the past 
decade (Dagvadorj et al. 2014). The nesting ecology of waterbird species also may be threatened; 
for example, bar-headed geese (Anser indicus) nesting sites in west-central Mongolia are limited 
by the amount of annual precipitation (Batbayar 2013). An additional threat to Mongolian 
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wetlands is disturbance from herds of livestock (Batbayar 2013, Gandbold et al. 2018), which 
play an important role in Mongolian nomadic life.  
The Darkhad Depression has around 300 lakes within a 150 km long, 40 km wide steppe 
basin that is surrounded by mountains. Montane rivers such as the Tengis and Shishged Rivers 
flow into the depression, feeding the lakes and creating a unique wetland habitat in the bottom of 
the valley. The extensiveness of the lake and wetland habitat in the bottom of the Darkhad 
Depression—as well as the its location as one of the most northern extensions of steppe habitat 
with wetlands in Mongolia—means that the Darkhad Depression likely provides critical habitat 
for waterbirds breeding and migrating through Mongolia on the Central Asia flyway, including 
for threatened species. The valley is classified as an Important Bird Area (IBA) by BirdLife 
International, meeting three of the four global criteria for IBAs: several globally threatened bird 
species are known to be common in the region, a significant proportion of the population of 
biome-constricted species such as the demoiselle crane (Grus virgo) occur in the region, and 
more than 1% of the flyway population for four species, including bar-headed geese, ruddy 
shelducks (Tadorna ferruginea), gadwalls (Anas strepera), and common goldeneyes (Bucephala 
clangula) occur in the region (Ganbold et al. 2018).  Large flocks of common pochard (Aythya 
ferina), a globally threatened bird, have been observed in the Darkhad Depression (Ganbold et 
al. 2018).  
Data from the Handbook of Birds of the World indicate that as many as sixty-six 
waterbird species may use the Darkhad Depression as a breeding area (del Hoyo et al. 2018). 
Additionally, the Darkhad Depression may be included in the ranges of multiple waterbird 
species that are listed on the International Union for Conservation of Nature (IUCN) Red List. 
Vulnerable species could include the Asian dowitcher (Limnodromus semipalmatus), common 
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pochard, and horned grebe (Podiceps auritus); near threatened species could include the falcated 
duck (Mereca falcata), northern lapwing (Vanellus vanellus), and black-tailed godwit (Limosa 
limosa); endangered species could include the relict gull (Larus relictus) and the critically 
endangered Dalmatian pelican (Pelecanus crispus) (IUCN 2018; Table 1). The Mongolian Red 
Book lists six waterbird species in the Darkhad Depression as having a status within Mongolia 
(Shiirevdamba et al. 2016). For some waterfowl species, such as relict gull and Asian dowitcher, 
the Mongolian Red Book suggests that additional assessments of the species’ distribution and 
abundance are needed before further conservation actions can be taken (Shiirevdamba et al. 
2016). Surveys of the Darkhad Depression will provide additional information about distribution, 
abundance, and productivity for these species, allowing officials to make decisions about what 
conservation measures should be taken to conserve species within this region and whether an 
increased level of protection for the Darkhad Depression wetlands is necessary.  
 During the survey, we inventoried species of waterfowl to create a checklist of known 
species in the Darkhad Depression. Censuses were conducted in the central part of the Darkhad 
Depression so that we could determine what species were present, calculate density estimates for 
them on used lakes and across the Darkhad Depression, and collect data on productivity for a 
few key species, so that reproduction can be monitored in the future. Densities of waterbirds on 
two lakes that are fished versus on lakes that are not currently fished were also compared to 
explore whether subsistence fishing in the region may be a threat to waterbirds.  
METHODS 
Study Area 
 The Darkhad Depression is in Khövsgöl aimag in north-central Mongolia (Fig. 1). The 
region is at the southern edge of the Siberian Taiga ecosystem and is composed of high alpine, 
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talus, larch forest, taiga, dry steppe, and wetlands. Most of the mountainous area of the Darkhad 
Depression is already under the protection of the Ulaan Taiga Protected Areas Administration, 
which oversees the Ulaan Taiga Strictly Protected Area, Horidol Saridag Strictly Protected Area, 
and Tengis-Shishged National Park. Strictly Protected Areas (SPA) provide the greatest degree 
of protection to land in Mongolia, limiting human use to rangers and permitted research 
(Reading et al. 2006; IUCN Category 1a). Mongolia’s National Parks allow for some tourism 
and human use (Reading et al. 2015; IUCN Category 2). Grazing herds of livestock, including 
cattle, yaks, horses, camels, goats, and sheep, is the most common land use. Fishing also has 
been important in the Darkhad Depression historically, with periods of intense fishing on lakes 
such as Lower Tsagaan Nuur during the years that Mongolia was Communist from 1924 to 1989 
(B. Dovchin, Montana State University, personal communication). Small-scale fishing currently 
continues on several smaller lakes (T. Battogtukh, Ulaan Taiga Strictly Protected Area, personal 
communication). Lower Tsagaan Nuur and White Horse Lake were lakes used in the study that 
are known to have been used for commercial and subsistence fishing, respectively. 
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Figure 1, Location of the Darkhad Depression in Ulaan Uul, Renchinlhumbe, and Tsagaannuur 
soums, Mongolia. The Darkhad Depression is north of Ulaan Uul soum center and between 
Tsagaannuur and Renchinlhumbe soum centers. Permanent lakes and wetlands are depicted in 
dark grey, with soum centers marked by black circles.  
 
Surveys were conducted in the Darkhad Depression, within Tsagaannuur and 
Renchinlhumbe soums. Though none of the surveys were performed within a protected area, 
some were conducted in the 251,853 ha buffer zone adjacent to the Tengis-Shishged National 
Park (Fig. 2). This buffer zone is around 30 km wide, with the widest parts of the buffer zone 
being 49 km in width. The Darkhad Depression is composed of a series of lakes and wetlands 
that can remain connected throughout the year via shallow channels, though during periods of 
intense rain, they may become further connected to form large lakes. Additionally, some lakes 
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are connected to the Shishged River throughout the year.  Individual lakes that were accessible 
by vehicle during mid-July were surveyed, as well as a portion of the Shishged River. 
 
Figure 2, Surveyed areas of the Central Darkhad Depression. The boundaries (dark grey) and 
buffer zones (light grey) for the Tengis-Shishged National Park and the Horidol-Saridag SPA are 
depicted. Permanent Lakes and wetlands depicted in gray or black. Lakes in black were 
surveyed.  
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Survey Methods 
 
 Waterbird surveys were conducted 15 – 19 July 2018.  Most waterbirds that breed in the 
Darkhad Depression were expected be present during this time because southward migration 
does not begin until late summer and early fall (del Hoyo 2018). Additionally, most of the 
waterbirds that were counted have young that do not fledge until mid- to late-July (del Hoyo 
2018). For these reasons, the timing of our survey was most appropriate for detecting adults with 
young to estimate productivity, as well as molt migrants.  
All waterbirds in the orders Anseriformes, Podicipediformes, Gruiformes, Ciconiiformes, 
Gaviiformes, Pelecaniformes, Suliformes, and Charadriiformes were counted on each surveyed 
lake. For lakes that were small enough to see across the entire width, we counted waterbirds from 
one point on the shoreline. For larger lakes where we could see out into the middle, but could not 
see the entire length, we stopped at multiple points around the lake to survey the waterbirds on 
the water and shore. To avoid double counting birds, GPS points were placed at landmarks along 
the shoreline to determine where counting ended at the previous observation points. The total 
number of adults and juveniles per species per lake were recorded. The survey was conducted 
over four consecutive days to minimize double counting of birds due to movement between lakes 
and 100% detectability was assumed because lakes have little to no vegetation on the shoreline 
and entire lakes were surveyed from multiple points. 
During surveys, flocks were only observed to move within lakes, with only two groups of 
great cormorants (Phalacrocorax carbo) seen flying in to lakes during surveys, suggesting that 
bird movement between lakes was limited. Movement overnight or at dawn/dusk was possible, 
but no movement of this type was observed at the two large lakes near our camp, and similar 
numbers of waterfowl were observed on these lakes over the course of the four days of surveys.  
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 ArcGIS was used to calculate the total area of the surveyed lakes from Landsat08, Band 7 
imagery of the Darkhad Depression (30m pixel size). We reclassified the raster to three values 
using the Isocluster Unsupervised Classification tool, then converted this raster to polygons so 
that their areas could be measured. For large lakes or rivers which we only surveyed a portion of, 
polygons were edited to include only the area that was surveyed.  The area of each polygon was 
then calculated and summed to determine the total area of lakes surveyed. The median lake size 
was also found. Estimated densities for the entire Darkhad Depression was calculated as the total 
number of birds/surveyed area (ha). The percentage of surveyed wetlands used by each species 
as also calculated, as well as the mean density of each species on used wetlands and the mean 
size of wetlands used by each species.  
For species with observed juveniles, the ratio of juvenile birds to adult birds was 
calculated as an index of productivity (young per adult; Serie et al. 2002). Flocks only containing 
adults were not included when calculating juvenile per adult because they were likely molt 
migrants. As such, the ratios for species such as whooper swans (Cygnus cygnus) was juvenile 
birds to adults from flocks mixed with juveniles.  
RESULTS 
Inventoried Species and Estimated Densities 
 A total of 60 lakes and a 5.4 hectare portion of the Shishged River were surveyed in the 
Darkhad Depression (5872.69 hectares of aquatic habitat). Of the 6,323 birds counted, 39 species 
were detected (Table 2). Five of these species are listed either by the IUCN on the Red List for 
Threatened Species or listed by the Mongolian government as a species of conservation concern: 
common pochard (vulnerable on IUCN, not listed in Mongolia), falcated duck (near threatened 
on IUCN and in Mongolia), northern lapwing (near threatened on IUCN, not listed in Mongolia), 
Call, Waterbird Inventory Darkhad Depression | 12 
 
Eurasian curlew (Numenius arquata; near threatened on IUCN, not listed in Mongolia), and 
common crane (Grus grus; least concern on IUCN, near threatened in Mongolia) (Table 1).  
The median lake size was 11.8 ha. Estimated densities for the Darkhad Depression 
ranged from < 0.0001 birds/ha to 0.26 birds/ha. The most common species among wetlands were 
common goldeneye (57.4% of wetlands occupied), ruddy shelduck (49.2%), tufted duck (Aythya 
fuligula, 41%), and whooper swans (39.3%) (Table 2). Greatest densities among occupied 
wetlands were tufted duck (6.66 ± 5.69 birds/ha), mallard (Anas platyrhynchos, 6.39 ± 4.51 
birds/ha), demoiselle crane (3.70 ± 3.06 birds/ha), and whooper swan (3.69 ± 3.30 birds/ha). The 
mean density was 0.88 ± 0.26 birds/ha.  
Juvenile/Adult Ratios of Waterbirds 
We observed juveniles of fourteen species (Table 2). Ruddy shelduck and eared grebes 
(Podiceps nigricollis) had ratios of juveniles/adult > 1, whereas other species observed with 
juveniles had ratios < 1 (Table 2). For whooper swans, there were 1.08 juveniles/adult once molt-
migrants were removed (n = 88) were excluded. Bar-headed geese occurred in 4 flocks with 
goslings and had a ratio of 0.22 juveniles/adult (range = 0.04 to 1.65), once flocks of molting 
adults (n = 131) were excluded. Mongolian gulls (Larus mongolicus) were detected in a large 
breeding colony (0.25 juveniles/adult at this location), but no other juvenile Mongolian gulls 
were observed during the survey. Species with breeding ranges that overlap with the Darkhad 
Depression, but not detected with juveniles included taiga bean goose (Anser fabalis), black 
stork (Ciconia nigra), common crane, common pochard, common redshank (Tringa totanus), 
common tern (Sterna hirundo), demoiselle crane, Eurasian curlew, falcated duck, gadwall, great 
crested grebe (Podiceps cristatus), grey heron (Ardea cinerea), northern lapwing, northern 
pintail (Anas acuta), smew (Mergellus albellus), tufted duck, white-winged tern (Chlidonias 
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leucopterus), and wood sandpiper (Tringa glareola). Waterbirds detected in relatively large 
molting flocks without young included common goldeneye, tufted duck, and common  
Densities of Waterbirds on Historically Fished Lakes 
 The densities of waterbirds were calculated for these lakes and compared to lakes of 
similar sizes. Lower Tsagaan Nuur (area = 3054.95 ha) had an overall estimated waterbird 
density of 0.33 waterbirds/ha. There were no other surveyed lakes of comparable size, but the 
next largest lake, Lake 41 (area = 511.55 ha), had an overall estimated waterbird density of 1.02 
birds/ha. White Horse Lake (area = 370.40 hectares) had an overall estimated waterbird density 
of 0.335 waterbirds/ha. In comparison, Lake 5 (area = 372.11 ha) had an overall estimated 
waterbird density of 1.64 waterbirds/ha.  
DISCUSSION 
Species Inventoried in the Darkhad Depression Wetlands 
Our survey is likely the first to document and estimate densities of waterbirds throughout 
the Darkhad Depression during breeding and molting (see Ganbold et al. 2018 for survey of a 
single wetland in the Darkhad Depression).  Most species we identified were considered to have 
a range that overlapped with the Darkhad Depression according to Handbook of Birds of the 
World (del Hoyo et al. 2018). However, ranges for ten species detected in our study were not 
shown to occur in the Darkhad Depression (del Hoyo et al. 2018). Four of those species did not 
have a range that was near the Darkhad Depression, including eared grebe (Podiceps nigricollis), 
the Mongolian gull, red-breasted merganser (Mergus serrator), and red-necked grebe (Podiceps 
grisegena). For six species, the southern-most extent of their breeding range was just to the north 
of the Darkhad Depression on the Mongolian-Russian border: black-headed gull 
(Chroicocephalus ridibundus), green-winged teal (Anas crecca), Eurasian wigeon (Mereca 
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penelope), great cormorant, mallard, and northern shoveler (Anas clypeata) (Table 3). The field 
guide Birds of East Asia provides written range and habitat descriptions that suggest that some of 
these species could be in the Mongolia taiga, but the drawn range maps in this guide only depict 
eastern China and Russia and as a result, cannot confirm where in Mongolia these species are 
predicted to occur (Brazil 2009).  
Of the 39 species that we observed, six species are listed on the IUCN Redlist or by the 
Mongolian government in the Mongolian Red Book. Understanding the distribution of these 
species in the Darkhad Depression can help researchers and managers within Mongolia make 
decisions on how to manage wetland habitat. Threats from wetland destruction due to climate 
change or overgrazing, as indicated in Batbayar 2013, may need to be managed to conserve 
listed species using habitat in the Darkhad Depression. In this survey, no species listed on the 
IUCN Red List beyond vulnerable was identified in the Darkhad Depression; similarly, no 
species listed in the Mongolian Red Book beyond near threatened was identified. These species 
may require monitoring to prevent future declines in their populations.  
Juvenile/Adult Ratios of Waterbirds in the Darkhad Depression 
 Juveniles of demoiselle cranes were not recorded during surveys. Outside of the survey 
period, five pairs were observed with young among the 75 pairs observed July - August, 
throughout the entire Darkhad Depression. As such, we think that breeding success for 
demoiselle cranes in the Darkhad Depression may be limited.  In Siberia, demoiselle cranes 
typically lay their eggs between the months of May to June, and finish hatching by late July; in 
contrast, demoiselle cranes in central Kazakhstan may begin laying eggs in April, with hatching 
occurring in late May (Johnsgard 1983). Fledging occurs in Kazakhstan by late July and early 
August (Johnsgard 1983), and flocking in the Darkhad Depression is observed to start by mid-
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July, suggesting that juvenile cranes in the Darkhad Depression in mid-July should have been 
with their parents and observable during the survey. Crane trapping in Eastern Mongolia often 
happens around this time because juveniles are easy to find, and adults are often flightless due to 
their molt (A. Gungaa and H. Purev-Ochir, Mongolian Bird Conservation Center, personal 
communication).  
During crane trapping in the summer of 2017, juveniles were common for 4 species of 
cranes in eastern Mongolia, including demoiselle crane; in summer 2018, almost no reproduction 
was observed (A. Gungaa and H. Purev-Ochir, Mongolian Bird Conservation Center, personal 
communication). Our results suggest a wider pattern of low reproduction in demoiselle cranes 
may have existed across larger areas of Mongolia during the summer of 2018, perhaps caused by 
unfavorably dry conditions in the spring (A. Gungaa and H. Purev-Ochir, Mongolian Bird 
Conservation Center, personal communication).  If weather fluctuations are the cause of periodic 
population-wide failures of cranes to breed, then the increase in the variability of Mongolia’s 
weather predicted from climate change models suggests that monitoring crane reproduction may 
become important in the future (Dagvadorj et al. 2014). Common cranes are also expected to 
breed in the Darkhad Depression (del Hoyo et al. 2018), but only one group with 4 adults and 
one juvenile was observed for this species. More surveying is recommended to the full extent of 
this population that occurs in this small, northernmost pocket of steppe habitat of Mongolia. 
The region appears important for production of several species, including the ruddy 
shelduck (49% of wetlands surveyed) and eared grebe (7% of wetlands surveyed) that had more 
juveniles observed than adults (Table 2). All wetlands with breeding whooper swans (38% of 
wetlands) had cygnets.  In contrast, bar-headed geese occurred as flocks with goslings on 6.6% 
of wetlands surveyed and had a low juvenile to adult ratio compared to that of ruddy shelducks 
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and eared grebes. It is possible that this low juvenile-to-adult ratio in the study may be because 
of the number of geese that had migrated to the Darkhad Depression to molt without juveniles 
due to them either being non-breeders or having a failed nest. Thirty-one percent of all observed 
bar-headed geese where in molting flocks of only adults on two wetlands. If cover and feeding 
options in the breeding grounds are not optimal, bar-headed geese may travel hundreds of 
kilometers in June and July from breeding grounds to areas with less disturbance in order to molt 
(Cui et al. 2010). A migratory connection does seem to exist between locations in China such as 
Qinghai Lake, and locations in Mongolia (Cui et al. 2010), which may include the Darkhad 
Depression because it provides the extensive wetland habitat that is necessary for bar-headed 
geese (Batbayar 2013). 
Variations in nest site availability, ice-melt, and the population of predators may also 
impact the ratios of juveniles to adults between years. Batbayar (2013) speculated the availability 
of suitable, protected islands may be one of the most important limiting factors for bar-headed 
goose breeding. Increased desertification in Mongolia due to climate change may lead to 
decreased island nesting sites for bar-headed geese, due to islands not forming when rain is 
insufficient (Batbayar 2013). When adequate nesting sites are limited, bar-headed geese may be 
forced to nest on sand bars, where their nests are more exposed to nest depredation or livestock 
trampling (Batbayar 2013). The dynamic hydrology of the Darkhad Depression leads to annual 
variation in availability of wetlands and protected islands, and should be monitored and modeled 
because it may greatly influence waterbird nest and juvenile survival in the region 
Molt Migration 
All species of waterfowl and many cranes (excluding the demoiselle crane) undergo a single 
wing molt during summer when all flight feathers are replaced, rendering them flightless 
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(Johnsgard 1983, Baldassare and Bolen 1994, Pyle 2005).   Many species we encountered are 
known to conduct a molt migration (Jehl 1990), including tufted duck, common goldeneye, 
common pochard, and bar-headed goose (van der Wal and Zomerdijk 1979, del Hoyo 2018). 
Some waterfowl species (excluding bar-headed geese, common goldeneye, mallard, ruddy 
shelduck, and whooper swans) were observed without juveniles, but whether a species conducts 
a molt migration did not seem to correlate completely with whether they were observed with 
juveniles in the Darkhad Depression. 
Many duck species enter into a cryptic basic plumage, where they lose their colorful 
breeding plumages during the spring and summer, generally from June to mid-August (Pyle 
2005). This cryptic plumage proceeds the wing molt (Pyle 2005).  In our study area, species such 
as common goldeneye were rarely observed with juveniles, yet over a thousand individuals were 
observed (n = 1,476 adults, 47 juveniles). Additionally, not a single male common goldeneye 
was observed in breeding plumage, suggesting these groups were in the basic plumage stage of 
their molt cycle and would soon undergo the dropping of their flight feathers.  Tufted duck and 
common pochard (genus Aythya) are also know to follow this pattern (Pyle 2005).  Dabbling 
ducks such as Eurasian wigeon, northern pintail, and mallard were less common than common 
goldeneye, tufted duck, and common pochard, but were also all observed in basic plumage and 
were thus likely in the process of molting.  As such, the wetlands in the Darkhad Depression 
appear to be a major molting ground for many of these species. 
Timing of Surveys 
For bar-headed geese, nesting initiates between late April and late May in the Altai of 
Mongolia, and Quinghai Lake, China, followed by a 30 day incubation period and a 55-60 day 
fledging period; therefore, all young should be hatched but unable to fly from the lakes in which 
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they were hatched until late July, suggesting our survey timing was optimal for this species (Cui 
et al. 2010; Batbayar 2013). Yet, we detected fewer juvenile bar-headed geese than expected, 
considering how extensively the species is expected to use wetlands in Mongolia (Batbayar 
2013). A study on the molt migration of bar-headed geese found that their molt lasted from late 
May to late July, and that some birds remained within the breeding lake but still moved 14.7 ± 
14.8 km, while the rest of the birds migrated to separate molting grounds (259.8 ± 115.4 km) 
between early June and early July (Cui et al. 2010). The decision to stay or move during molting 
may depend on whether the geese had a nest that hatched or failed, respectively (Cui et al. 201). 
This suggests that many of the geese observed within our study were likely in the process of 
molting and may have flown from their breeding lakes to the Darkhad wetlands to molt after 
their nests failed.  
Whooper swans are typically documented to begin breeding in late April through May 
(del Hoyo 1992). Incubation lasts 35 days, and fledging occurs after 87 days, suggesting that 
most juveniles should still be on the lakes in which they were born in mid-July during our 
surveys (del Hoyo 1992). None of the whooper swans breeding in the Darkhad Depression 
would have been expected to have migrated already during the surveying periods, because the 
post-breeding departure of whooper swans in northeastern Mongolia to their wintering grounds is 
not expected to occur until late September and early October (Newman et al. 2009). 
Common goldeneye typically start breeding in April and May, with a 30 day incubation 
period (del Hoyo 1992), suggesting that juveniles should hatch from late May to early June and 
be available to survey on the same lakes where they were hatched in late-June and July (del 
Hoyo 2018). Similarly, tufted ducks begin breeding in May and have a similar incubation period 
length as common goldeneyes (del Hoyo 2018). Hatching occurs in late-June to early July (del 
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Hoyo 1992). Common pochard begin breeding in April and May, hatching by May to June and 
fledging in June and July (del Hoyo 1992). For all three of these species, fledged juveniles 
should have been available to observe during the surveying period in July.  
 For some diving ducks species such as the common goldeneye and tufted duck, nearly all 
males were observed in their eclipsed plumage. Males of these species often depart the females 
by mid-July to migrate to wetlands that are suitable for molting (van der Wal and Zomerdijk 
1979, del Hoyo 2018). Seeing male diving duck species in their eclipsed plumage during the 
survey suggests that the Darkhad Depression may be a molting area for species such as common 
goldeneye, tufted duck, and common pochard.  However, this also suggests that simple ratios of 
juveniles to adults is not an effective metric to determine the productivity of species in this 
region, and counts of groups without young versus groups with young would be a better way to 
indicate the success of the breeding season for these species. 
 Some species, such as the great crested grebe, were observed building or incubating 
nests, suggesting that their breeding season was not completed during the time of the survey and 
not all juveniles were available to be counted. In Europe, great crested grebes breed from April 
to July, frequently only incubating one brood of eggs (del Hoyo 1992). Hatching occurs after a 
25 – 31 day incubation period, and fledging of the young occurs 71 – 79 days after hatching (del 
Hoyo 1992). If the breeding cycle of great crested grebes in Mongolia is similar, then the 
individuals that we observed were likely in the process of breeding, and juveniles may have 
become available to count later in July once the incubation period ended. It is not likely that the 
observed grebes were re-nesting, because great crested grebes often only have one brood, with 
two broods being less likely and three broods almost never occurring (del Hoyo 2018). 
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Common tern, white-winged tern, great cormorant, and grey heron are colony nesters (del 
Hoyo 2018) and were common during the survey, but juveniles were not detected by our 
surveys. These species lay their eggs from April – June, and as such, the timing of the survey 
should have allowed for detection of juveniles (del Hoyo 2018), had the surveys covered areas 
including breeding colonies. It is likely that the foraging adults detected were returning to 
breeding colonies elsewhere in the Darkhad Depression. For shorebirds including common 
redshank, northern lapwing, Eurasian curlew, and wood sandpiper—which all lay eggs in the late 
spring to early summer and should have had juveniles available to be detected during the time of 
the survey (del Hoyo 2018)—the lack of juveniles could be of concern, but these birds could 
have been failed breeders from within or outside the region. Spotted redshank also were detected, 
but they breed farther north than our survey area (del Hoyo 2018) and were likely failed breeders 
that had started migration. 
 Surveying in mid-July for waterbird juveniles seems to be an ideal time for surveying the 
annual productivity for many species, including cranes, bar-headed geese, whooper swans, and 
many of the diving ducks species, such as common goldeneye, tufted ducks, and common 
pochard. More extensive surveying over a longer period of time would allow for the juveniles of 
more species to be observed, because there is some variation in breeding, hatching, and fledging 
periods for various species. Ideally, most surveys to determine productivity should occur during 
the summer months from July to August though, because more species have young that are 
fledged by then, but haven’t departed for their post-breeding migration to their wintering ground. 
Possible Effects of Overfishing on Lakes and Bird Densities 
Lower Tsagaan Nuur and the lake known locally as White Horse Lake both have a history of 
fishing. Lower Tsagaan Nuur was historically used for industrial fishing of small, white fish. 
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During Mongolia’s Communist years, the lake was stocked with fish that were raised nearby; in 
contrast, White Horse Lake was fished by locals for multiple years, and while it once had 
waterbirds on it, densities are now lower (B. Dovchin, Montana State University, personal 
communication). Both lakes had low waterbird densities for their size. While overfishing could 
be a threat to waterbirds in the Darkhad Depression, lower densities on these lakes could be 
explained by other factors. Lower Tsagaan Nuur is a large, deep lake and may naturally be less 
likely to support large densities of waterbirds for this reason. While overfishing could be a threat 
to waterbirds, it does not appear to be a large threat to species in the Darkhad Depression 
currently.  
CONCLUSION 
 Thirty-nine waterbird species were identified on 60 lakes and one portion of a river in the 
Darkhad Depression in Khövsgöl, Mongolia. Of these species, six are listed as either vulnerable 
or near threatened by the IUCN and/or the Mongolian government. Tufted ducks were observed 
to have the greatest density on used wetlands, while common goldeneye were observed to use the 
most surveyed wetlands. Fourteen of these species were identified as having juveniles with them, 
and one species was observed building nests. One colonial nesting site was identified with 
Mongolian gulls. Further study is needed to determine breeding status and reproductive success 
of several waterbird species throughout the Darkhad Depression. 
 The Darkhad Depression offers an extensive wetland habitat for waterbirds to use as 
breeding and molting grounds in the summer and as stopover sites during migration on the 
Central Asia flyway. Additionally, the Darkhad Depression is the northern-most extension of 
steppe habitat with wetlands in Mongolia. Waterbird species closely rely on wetland habitats and 
are sensitive to degradation and loss of wetland habitat. Thus, threats to the persistence of 
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wetland habitat may contribute to population decline in some waterbird species. Future studies of 
the wetland habitat and waterbird use in the Darkhad Depression should continue, because the 
habitat offered there is unique to Mongolia and is an important breeding area for waterbirds on 
the Central Asia Flyway, including species that are threatened.  
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APPENDIX 
Table 1, Waterbird species thought to be in the Darkhad Depression, their status with the International Union for 
Conservation of Nature, and their status within Mongolia based on the Mongolian Red Book. Species indicated with 
an asterisk (*) were identified during the survey.  
Latin name Common name IUCN Status 
Mongolian Red Book 
Status 
Anser cygnoid Swan Goose Vulnerable No status 
Aythya ferina* Common Pochard* Vulnerable No status 
Mereca falcata* Falcated Duck* Near Threatened Near Threatened 
Podiceps auritus Horned Grebe Vulnerable No status 
Pelecanus crispus Dalmatian Pelican Near Threatened Critically Endangered 
Botaurus stellaris Eurasian Bittern Least Concern Near Threatened 
Vanellus vanellus* Northern Lapwing* Near Threatened No status 
Limosa limosa Black-tailed Godwit Near Threatened No status 
Limnodromus semipalmatus Asian Dowitcher Near Threatened Vulnerable 
Numenius arquata* Eurasian Curlew* Near Threatened No status 
Larus relictus Relict Gull Vulnerable Endangered 
Grus grus* Common Crane* Least Concern Near Threatened 
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Table 2, Species inventories in the Darkhad Depression (* indicates the species is listed by the IUCN or Mongolian Red Book). Number of observations, 
percentage of wetlands use, mean density on used wetlands, mean size of used wetlands, and estimated density in the Darkhad Depression is reported for each 
species.  
Species 
Number 
of adults 
Number of 
juveniles 
Percentage of 
wetlands used 
Mean density (birds/ha) on used 
wetlands (± SE) 
(range) 
Mean size (ha) of 
wetland(s) used (± SE) 
(range) 
Estimated Darkhad 
Depression Density  
Bean Goose 
(Anser fabalis) 
1 0 1.6 0.01 ± 0.0 
(NA) 
113.7 ± 0.0 
(NA) 
≤ 0.001 
Whooper Swan 
(Cygnus Cygnus) 
153 70 39.3 3.7 ± 3.3 
(0.005 – 2.0) 
215.0 ± 123.9 
(0.06 – 3055) 
0.04 
Mallard 
(Anas platyrhynchos) 
33 15 3.3 6.4 ± 4.5 
(0.02 – 12.8) 
57.1 ± 37.9 
(3.6 – 110.7) 
0.01 
Northern Pintail 
(Anas acuta) 
14 0 3.3 0.06 ± 0.04 
(0.01 – 0.1) 
112.2 ± 1.08 
(110.7 – 113.7) 
0.002 
Green-winged Teal 
(Anas crecca) 
14 0 4.9 0.4 ± 0.3 
(0.04 – 1.1) 
68.3 ± 26.8 
(3.6 – 110.7) 
0.002 
Common Pochard* 
(Aythya ferina) 
236 0 18.0 0.5 ± 0.1 
(0.08 – 1.1) 
55.8 ± 12.7 
(8.6 – 131.4) 
0.04 
Tufted Duck 
(Aythya fuligula) 
1496 0 41.0 6.7 ± 5.7 
(0.001 – 146.1) 
211.5 ± 118.9 
(3.4 – 3055.0) 
0.3 
White-Winged Scoter 
(Melanitta fusca) 
81 10 14.8 0.3 ± 0.1 
(0.02 – 1.2) 
94.8 ± 50.2 
(2.6 – 511.6) 
0.02 
Common Goldeneye 
(Bucephala clangula) 
1475 47 57.4 0.9 ± 0.1 
(0.03 – 4.2) 
154.5 ± 86.3 
(2.6 – 3055.0) 
0.3 
Smew 
(Mergellus albellus) 
2 0 1.6 0.04 ± 0.0 
(NA) 
55.9 ± 0.0 
(NA) 
< 0.0001 
Red-Breasted Merganser 
(Mergus serrator) 
3 0 1.6 < 0.0001 
(NA) 
3055.0 ± 0.0 
(NA) 
≤ 0.001 
Great Cormorant 
(Phalacrocorax carbo) 
442 0 29.5 0.2 ± 0.1 
(0.002 – 1.1) 
297.8 ± 161.3 
(5.4 – 3055) 
0.08 
Grey Heron 
(Ardea cinerea) 
210 0 11.5 0.4 ± 0.2 
(0.003 – 1.5) 
450.5 ±349.5 
(2.6 – 3055.0) 
0.04 
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Eurasian Coot 
(Fulica atra) 
6 3 3.3 0.2 ± 0.07 
(0.07 – 0.3) 
57.1 ± 37.9 
(3.6 – 110.7) 
0.002 
Common Crane* 
(Grus grus) 
4 1 1.6 0.2 ± 0.0 
(NA) 
29.6 ± 0.0 
(NA) 
≤ 0.001 
Demoiselle Crane 
(Grus virgo) 
33 0 6.6 3.7 ± 3.1  
(0.1 – 14.3) 
29.7 ± 17.8 
(0.7 – 90.5) 
0.006 
Northern Lapwing* 
(Vanellus vanellus) 
57 0 9.8 0.2 ± 0.1 
(0.01 – 0.4) 
93.7 ± 38.3 
(12.0 – 286.1) 
0.01 
Pied Avocet 
(Recurvirostra avosetta) 
20 2 1.6 1.6 ± 0.0 
(NA) 
13.7 ± 0.0 
(NA) 
0.004 
Spotted Redshank 
(Tringa erythropus) 
8 0 1.6 0.1 ± 0.0 
(NA) 
90.5 ± 0.0 
(NA) 
≤ 0.001 
Common Greenshank 
(Tringa nebularia) 
1 0 1.6 0.01 ± 0.0 
(NA) 
90.5 ± 0.0 
(NA) 
< 0.0001 
Wood Sandpiper 
(Tringa glareola) 
3 0 1.6 0.03 ± 0.0 
(NA) 
90.5 ± 0.0 
(NA) 
≤ 0.001 
Common Redshank 
(Tringa totanus) 
3 0 1.6 0.03 ± 0.0 
(NA) 
90.5 ± 0.0 
(NA) 
≤ 0.001 
Eurasian Curlew* 
(Numenius arquata) 
2 0 1.6 0.02 ± 0.0 90.5 ± 0.0 
(NA) 
< 0.0001 
Mongolian Gull 
(Larus mongolicus) 
359 65 18.0 0.3 ± 0.3 
(0.005 – 2.9) 
382.0 ± 259.4 
(7.0 – 3055.0) 
0.07 
White-Winged Tern 
(Chlidonia leucopterus) 
97 0 4.9 2.5 ± 1.0 
(0.04 – 4.3) 
38.8 ± 21.1 
(12.0 – 90.5) 
0.02 
Common Tern 
(Sterna hirundo) 
141 0 19.7 0.2 ± 0.06 
(0.01 – 0.4) 
352.6 ± 238.1 
(9.8 – 3055) 
0.02 
Great Crested Grebe 
(Podiceps cristatus) 
123 0 9.8 0.07 ± 0.03 
(0.02 – 0.2) 
667.4 ± 438.2 
(45.9 – 3055) 
0.02 
Eared Grebe  
(Podiceps nigricollis) 
29 39 6.6 0.2 ± 0.1 
(0.01 – 0.6) 
76.6 ± 19.1 
(12.0 – 110.7) 
0.01 
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Red-Necked Grebe 
(Podiceps grisegena) 
3 2 3.3 0.005 ± 0.003 
(0.001 – 0.009) 
1584.3 ± 1039.9 
(113.7 – 3055) 
≤ 0.001 
Black-Headed Gull 
(Chroicocephalus 
ridibundus) 
28 3 8.2 0.2 ± 0.09 
(0.009 – 0.6) 
104.0 ± 62.5 
(8.5 – 372.1) 
0.005 
Arctic Loon 
(Gavia arctica) 
13 1 14.8 0.05 ± 0.02 
(6.5 x 10-4 – 0.19) 
501.4 ± 306.9 
(10.4 – 3055.0) 
0.002 
Black Stork 
(Ciconia nigra) 
1 0 1.6 < 0.0001 
(NA) 
3055 ± 0.0 
(NA) 
< 0.0001 
Ruddy Shelduck 
(Tadora ferruginea) 
180 209 49.2 0.8 ± 0.2 
(0.002 – 3.9) 
167.5 ± 100.2 
(2.6 – 3055) 
0.07 
Bar-Headed Goose 
(Anser indicus) 
424 64 9.8 2.5 ± 1.4 
(0.05 – 9.9) 
601.9 ± 449.5 
(17.0 – 3055) 
0.08 
Northern Shoveler 
(Spatula clypeata) 
7 0 3.3 0.07 ± 0.04 
(0.01 – 0.1) 
68.2 ± 15.8 
(45.9 – 90.5) 
≤ 0.001 
Gadwall 
(Anas strepera) 
19 0 4.9 0.8 ± 0.6 
(0.04 – 2.3) 
38.4 ± 21.8 
(2.6 – 90.5) 
0.003 
Falcated Duck* 
(Mereca falcata) 
4 0 3.3 0.03 ± 0.008 
(0.02 – 0.04) 
68.2 ±15.8 
(45.9 – 90.5) 
≤ 0.001 
Eurasian Wigeon 
(Mereca penelope) 
67 0 11.5 0.2 ± 0.1  
(0.003 – 0.5) 
107.1 ± 43.0 
(22.2 – 372.1) 
0.01 
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Table 3, Species observed during the surveys and their range overlap with the Darkhad Depression, according to 
Handbook of Birds of the World Alive (del Hoyo et al. 2018) 
Species (Common) Species (Latin) 
Range overlap with the Darkhad 
Depression? 
Bean goose Anser fabalis Breeding visitor 
Whooper swan Cygnus cygnus Breeding visitor 
Mallard Anas platyrhynchos 
No (breeding range is just to the north at 
Russian border)1 
Northern pintail Anas acuta Breeding visitor 
Common teal Anas crecca 
No (southern extent of breeding range is 
just to the north at Russian border) 
Common pochard Aythya ferina Breeding visitor 
Tufted duck Aythya fuligula Breeding visitor 
White-winged scoter Melanitta fusca Breeding visitor 
Common goldeneye Bucephala clangula Breeding visitor 
Smew Mergellus albellus Breeding visitor 
Red-breasted merganser Mergus serrator No 
Great cormorant Phalacrocorax carbo 
No (breeding range extends to just south 
of the Darkhad Depression) 
Grey heron Ardea cinerea Breeding visitor 
Eurasian coot Fulica atra Breeding visitor 
Common crane Grus grus Breeding visitor 
Demoiselle crane Grus virgo Breeding visitor 
Northern lapwing Vanellus vanellus Breeding visitor 
Pied avocet Recurvirostra avosetta Breeding visitor 
Spotted redshank Tringa erythropus May migrate through 
Common greenshank Tringa nebularia May migrate through 
Wood sandpiper Tringa glareola Breeding visitor 
Common redshank Tringa totanus Breeding visitor 
Eurasian curlew Numenius arquata Breeding visitor 
Mongolian gull2 Larus mongolicus No 
White-winged tern Chlidonias leucopterus Breeding visitor 
Common tern Sterna hirundo Breeding visitor 
Great crested grebe Podiceps cristatus Breeding visitor 
Eared grebe  Podiceps nigricollis No 
Red-necked grebe Podiceps grisegena No 
Black-headed gull Chroicocephalus ridibundus 
No (southern extent of breeding range is 
just to the north at Russian border) 
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Arctic loon Gavia arctica Breeding visitor 
Black stork Ciconia nigra Breeding visitor 
Ruddy shelduck Tadorna ferruginea Breeding visitor 
Bar-headed goose Anser indicus Breeding visitor 
Northern shoveler Spatula clypeata 
No (southern extent of breeding range is 
just to the north at Russian border) 
Gadwall Anas strepera Breeding visitor 
Falcated duck Mereca falcata Breeding visitor 
Eurasian wigeon Mereca penelope 
No (southern extent of breeding range is 
just to the north at Russian border) 
1 – BirdLife International and Handbook of Birds of the World (2016) depict the breeding range for Mallards as 
including northern and central Mongolia (including the Darkhad Depression) on the range map for the IUCN 
2 – Listed as Caspian Gull, Larus cachinnans. According to Birds of East Asia (Brazil 2009), the Mongolian Gull 
was previously considered a conspecific with the Caspian Gull 
 
